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(54) CnOCOB i43rOTOB/lEHHfl TOOPHPO- 
BAHHOfO CTAJlbHOrO O/IACTblPfl 
(57) CytU«ocTb w3o6peTewti*: TepMoo6p86oT«y 
nnacrwpw ToxaMH bwcoxcw* mactotu ocymecT- 
b/i«k)t nocne ro4>pMpoBanwa. a cm33omhum 
c/io& hbhocat nOBTOpHo noc/ie ox/ia*AGNwa. 
npeA^araeMbi^ cnocoG n03eonneT 3 a c^er no- 
BMUieMHH rirtacTvwHbJx cbo^Ctb MeTanna na- 
AexcNO o6ecneMWTb repMe™3auw»o 
peMOHTMpyeMoro ysacTKa CKBa*wnbi. ^ 136/1 


HsoOpereMMe othocwtcp k o6pa6oTice Me* 
Ta/wa AaB/iGHv<8M» a mscthoctk k TexHonoriw 
MsroroaneHUR ro4>pwpOBaMHbix rpy6. 

Ochobmwmvi orwpauvwiMvi b TexMonorMse- 
ckom npouecce wsrOTOBnenwH tohkoctchhux 
ro4>pMpoaaMHWx Tpy6 »B/iaeTC« xo/iOAHa» Ae- 
4>opMauMn/HanpwMep eonoMenute w npoxanca 
Tpyb. xwMw^ecicaa o5pa6oTxa, YepMHtecxas 
o6pa6orica jv\* cwftTwa ocTaTOMNwx nanpaxe- 
hviPi, B03Kwna»oiuwx b pe3ynbTate Ae4>opMa- 
umm u npo4>wiMpoeaHMfl mp/toaom HaxarxM. 

W38eCT8H CHOC06 W3rOT0B/l€HH* Tpy6 c 

npoAonbHufM* ro4>p3MH nyreM AayxaTannora 
<t>opMOBanwn Tpy6bi-33roTOBxw. npuMBM Ma 
nepaoM arane ee rtxfrpwpytOT paAwanbHWMM 
ycwnwwwiM. a na btopom srane o6*wMaior b 
npo<£vt/twpoBanHO# ao/tore. 

OAMaito ©oaHwiicaioiuMe b peaynbtare 
cnoatHOfl A^4>opMaiAMii ooaTosHwe HanpH#e- 
hm» hc Aaw AOCtaTOSHOwi nonepCHMOft npoM- 

HOCTM. MtfTd/lA CTaHOBMTCfl XpyHICWM H 


HenpMroAeH b xa4ecYBe .i/tacTwp* npn peMOH- 

T8 06caAHOA KO/IOHMW 8 CK8a*UtH<5. 

fljw chatm* ocratOMHbix ManpB^<eMMi4 xpy- 
6u noAQepraiOTTepMWMecKoA o6pa6oTKe - ot- 
xcwry o nesax mna nCO-06 r ZO-0V w 
nonyMeHMJ? Ha Tpy6ax owcmoCi n/ien»cu, bw- 
nonnfliotJuev! 4>yHxuwM noAM330MHoro noKpw- 
tmr m o6naAa»oiue^ AociaTOMHOw 
nopwciocTbio n aACOp6unOMMO^ cnoco6no- 

CtbK) X CMB3K6. 

WtSBecreH laioxe cndco6, npw kotopom 
TOMxocTeHMbie npo<t>M/ibHwc tpyDw npaapT 
pacm)xeHMeMMpa3A3Me«c narpeaoM na 3neK- 
TpoTepMWMecxoM o6opyA088HMM. CHBMa/ia 3a- 
rOToexy Tpy6w HerpeaaiOT tok3mh 
conpOTHBAOMwfl ao TQMnepaiypbi 0T*wra, a 
38TCM nocne ox/iaxcAeHMsi pa3Aax>r npw homo 
ihm xoMnnecKO^ onpaBKw. 

HeAOCTaioic cnoco6a 3ax^joMaeTCR » tom. 

HTOnpM H3ilOKeHWM finBCTbipfl HeOTOXCHCCrt- 

hwx Tpy6 ^OM<eT npowcxoawtb p33Dua no 
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nnacTup* na OTo*>xenHbix Tpy6 c nocneayK)- 
ihmm ro4>pMpoeaMvieM moxct npOMCxoA"Tb 06- 
paaoeaHMe.MMxpoipemwH bo snaAHnax w na 
ewCTynax npOAonbnwx ro<t>p npn ag<1>opm3umm 
mx ao uunufcAPWHeCKO* (J>opMW, KOPA3 ee nnov 
HO npw*vtMa»OT (HaKaTbiaaKrr) aopHMpy»oine* 
ronoaxOM ic BMyrpeHHe^ noBepxnoc™ o6caA~ 
hqA xo/JOHHb4. B pe3y/itT3Te ne o6ecnenwaa- 
ercft Haae^HOCTb repMeTW33UMu w3-aa 
HM3KOM nnacTvmnocTM Mexa/i/ia ro<t>P"P06aH- 
HOro nnacTMp*. 

Ue/ibK> *i306peTehvifl aanAeTCA nofiuwe- 
Hwe naAe>KHOCTii repMeTW33UMv» o6caxceHMOM 
CKB35KMKW nyreM noBbitueHwa nnacTtmnocTw 
MeTanna nnacTupa. 

CyuiHOCtb M3o6peTeHMfl 3aienK)4aeTcn b 
tom. hto TepMOo6pa6oTKy TOKawn bi>icokom Ma- 
ctotw ocyweCTB/iHK)T nocne ro4>pwpooaH^. a 
>3aTeM noBTopHO HanocflT CMa30MHti^ cno*. 

B pe3ynbTaTe 3HakonepeweHHbix Ae<J>op- 
Mauuft, KOTopwM noAaepraeicfl MeTanna Tpy6 
npw ro^p^poeaHHvi kax b npouecce vororoB- 
ncHMfl nnacTbipeM. Tax h npu pa3Aase b npo- 
uecce yctaMOBKvi a cKsaxHHax, nponcxoA^T 
3MaMMTenbHoe ynpOHHeHne MeTanna, npwweM 
Han6onbUiwe 3waMeHM» ynpOMHenww npwxoA~ 
»tc« Ka BnaAnHw ro^pupoeaHnbix Tpy6. 

M3MeHeMne tbcpaoctm (Hv) CTanw MapKH 
10 npw repM005pa6oTKe. ro<t>pnpoeaHun w 
pa3Aa<*£ rinacTwpfl no*a33Ho b Ta6nwue. 

1/13 Ta6nvmw bwaho. MtOTeepAOCTb MeTan- 
na nnacTbtp* nocne pa3Ma*w a o6caAHOft Tpy- 
6e AocTuraeT Haw6onbuuwx 3waMeHMfc, ecnn 
n/iacTbipb waroTaenvteancji m3 HeTepMOo6pa- 
eoTaHHotr. Tpy6w, (Ipt* n3roTOBneHHM nnaciw 
peft m3 npeAaapurenbHO TepMoo6pa6oTanHbix 
Kpyrnbix Tpy6 npw ro<J>pvipoBaHMM TBepAOCTb 
MecKO/ibKOCHvi?KaeTC8 nocpaBHenw»oc MeTep- 
MOo6pa6oT3HHbiMM 3aroTOBxaMM. ho nocne 

pa3A3MM TBOpAOCTb 803paCT3eT HOMTH AO TOft 

5KB BenviMMHw. mto m 6es TepMOo6pa6oTKM. Ho- 
cne YepMunecKoa o6pa60T*t/i ro(t>pwpoBaHHwx 
Tpy6 c warpeaoM Toxaww bwcokow MacTOTw 
TBOpAOCTb mx cMuwaeTC* snanHTenbHO, a no- 
cne pa3A&MM ona Men biue. mom y neTepMOo6- 
pa6otaHHux. 

B oTnuwe ot neMHoro mvm ra30ooro na- 
rpeaa npw o6pa6oTKe 3aroTOBxw ToxaMM bwco- 

KOW MaCTOTW npOMCXOAMT He3HaMWTe/lbH0e 

M3MeneMv<e 4>opMw ee npo^wna. Ha nooepxHo- 
ctm ipy6w 06pa3yeTc« tohxm* enow oxanwHW* 
KOTOpbiM'He OTCAaweaeTcw b npouecce Ae<t>op- 

M8UMM - 0a3Aa4M. Crwia30MHblM CHOW HaHOCHT- 

CP Hd BHyrpeHHiOto nOBepxnocTb 
OTo^>xeHHWx npoAonbHo-ro<ppv«poBaHHbix 
Tpy5 nocne mx oxnaxAenMs. Oh npeAOXpan^eT 
BHyrpeHHioiO noBepxMOCTh ot xopp03nOHHoro 
pa3pyuieHMji e npouecce 3KCnnyaTauMw m ckm- 
>xeHH» occobtx ycw/iMM a npouecce paaAaw 
nnaCTbtpei^. 


n p m m e p pCMOnra o6c3a«om ko- 
noH«»>» A^aMeTpoM 1 46 mm c to/iu4mhom ctchum 
8 mm nnacTbipb M3rOTaanMeaK)T M3 tohkoctcm- 
hqm Tpy6u AviaMerpoM 130 mm c TonuuwHow 
5 cte?h km 3 mm m3 ctann MapKH tO. A^wHa Tpy5w 
9-1 1,5 m. 

Ha 8HyTpeHHK>K3 noaepxHocTb Tpy6w na- 

HOCPT C/lOM rpa<J>MTOBOM MflVI APyrOM CM33KM. 

npeAH33HaMCHHOM Anfl CNMxeHW* ycunwM ro<J>- 
10 pMpoaaHMfl. ro^pwpOBdMwe MMnMMApUMeCKO* 
Tpy&w npOM3BOAJ>T na cneunanbHOM ycT3H0B- 
xe nepe3 po/iMK06yio ronoBKy c BHyTpeHHe* 
npo<>MnbHOM onpaaxoM. flo/iyMaeTCR npOAo/ib- 
H0-rocJ)pvipOBaHH3» Tpy6a c napy>KHwM A*a- 
15 MeTpOM 116MMMMMcnoMro<J>p6wnM8. 3aTeM 
nD0W3B0AWTCA PWXTOBK3 fO<J)plapOBaHH0M Tpy- 
Gw nocne OTpeaxw ee na 3aAaKnyK> Awny. 

3aTeM npon360A^»TC« TepMWMecxan o6pa- 
6oT*a npOAonbHo-ro<t>P«poBaHHOM rpy6bi - 

20 H0pManvt33UMH C HarpeBOM TOKaMM BblCOKOM 

yacTOTbi Ha ycTatiOBxe BMT 30/6. n P M stom 
npoAonbHO-ro<t)pvipOBaHHafl T Py 6a ycTanae^ 
AMBaeTca ropM30HianbMO na poamkobux ono- 
psx <a c onpeAeneHHOi^ cxopocTbio 
25 npoABuraeTc* sepe3 mhayktop. 

Oxna>KAeHiie Tpy6bi npow3BOA^TC» na 
BosAyxe. CM33K8. kOTopa* 6bina naHecena ne- 
pen ro^pwpoaaHHeM, awropaeT. 

Tax xax b cxoa>KMHe npw ycTaHoaxe nna- 
30 dbipfl b MHTepBane peMOHTa npowaeOAWTCP 
pa3Aa*a nnscTWpn ao xpyrnOM <}>opMbi m npw 
>xatviR k cteHxe o6c3ahom Tpy6w. to npw 3tom 
803HMK3K>T 6onbUJMe xoHTaxTHbie Harpy3KK 
Me>KAy nnacTwpeM m nHCTpyMenroM a^» P^3- 
35 asmh. An« cnnxeHW« 3Tiix narpysox na anyT- 
peHHtoK) nosepxHOCTb nnacTwpa naHocMTC» 

BTOpMHHO CM330MHWM Cf\0^ KOTOpbitf CnyXCMT 

xax Anfl cHw^eHWR ycunMM, bo3hmk3K)iuwx npn 
pasA^e nnacTup«, Tax m Ann npeAOxpaneHwa 
40 3tom nosepxHOciM ot xoppo3MOHHoro pa3py- 
ujeHMJi a npouecce axcnnyaTau^vi. 

CoMeTanHB TepMM^ecxOM o6pa6oTKVt nna- 
CTwpew nocne ro4>pnpoBaHM« m Ha^eceHMe 
CMa30MHoro cnofl Ha BHyTpeHHioio noee w x- 
45 HOCTb nocne TepMMMecxo* o6pa6oTKM noaeo- 
n«K)T no9wcuTb nnacTMMHocib MeTanna 
nnacTwp o6ecneMMTb 6naroA3P« 3*0My na- 
AexcHOCTo repMeTM3aunM peMOHTMpyeMO^i 

' CKBaWMHU. 

50 

ct> opMyna M3o6peTenM» 


Cnoco6 waroTOBneHMH ro^pwp083HHoro 
CTanbHoro nnacTwpa, npe^MymecTBeHHO An^ 
55 peMOHTa o6ca>xeHHow ckbs^mhw. axn^aK)- 
iUMM TepM006pa6oTxy aaroToaxM, HanecenMe 

CM330MH0r0 CnOfl H3 BHytpeHHKW nOBCpXHOCrb 

3aroTOBXM m ee ro<l>pKpOBaHwe. omMiatotuMw- 
C fl TeM. hto. C uenbK) noabiiuCMHW HaAe>KHOCTu 
repMetH3auvfM o6c^>KeHH0M cKanxunw rryreM no 
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BUUieHMH nnacTMHMocTM Meranna n/iacTwp*. ocymeCTB/i«»OT noc/ie ro<J>p"tpoBaHi*». a 3©TeM 
TepMoo6pf«50T»<y TO*aMn bucokoA saCTOTW nOBTopHO hbmocht cM830MhuiJ cnoti. 


l/ICXOAHOe coctoh- 
HM6 MaTcpna/ia 


Bma o6ds§otich 


Ao ro^pMpoeaHMsi 

flocne ro<l>pwpo- | 

OflHHW 

TepMOOdpa&otka 
noc/ie ro<t>pnpoaa: 
HMa(MOpMann3a- 
UH«) c HarpeaoM 

TOKaWM buco- 

KO& MBCTOTbll 

floc/te paw**" 

Eea repMOo6pa- 
6otic« 

1570 

1750 


2020 

C TCpM006pa60T- 

t350 

1660 


1966 

6ea TepMooGpe- 

60TKM 

1570 

1750 

1350 

1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 


[table under columns 5 and 6] 


Original state of the 
material 

Type of treatment 


Before 
corrugation 

After 
corrugation 

Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 

After 
expansion 

No heat treatment 

1570 

1750 


2020 

With heat treatment 

1350 

i 

1660 


1966 

No heat treatment 

1570 

1750 

1350 

1750 
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